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Abstract 
Data Warehouse evolution is a critical problem in present scenario due to perpetual transactions and change in their structure 
arising out of continual evolving users' requirements. Handling properly all type of changes is a crucial process as it forms the 
core component of the modern DSS. Therefore DW has to be updated periodically according to different type of evolution of 
information sources. The problem of evolving an appropriate set of views is subjected to as the materialized view evolution 
problem. Many different materialized view evolution methods have been proposed in the literature to address this issue. This 
paper provides a survey of materialized view evolution methods. The paper aims at studying the materialized view evolution in 
relational databases and data warehouses as well as in a distributed setting. It defines an evolutionary approach for highlighting 
the materialized view evolution problem by identifying the three main dimensions that are the basis in the classification of 
materialized view evolution methods namely; (i) Framework, (ii) Architecture and (iii) Model/Design Model. This study reviews 
architecture based materialized view evolution methods, by identifying respective potentials and limits. 
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1.  Introduction 
Materialized views act as a data cache that gather information from distributed databases and support faster and 
reliable availability of already computed intermediate result sets (i.e. responses to queries). Evolution in data 
warehouse may be generated by change in schema, changes in software and the change in data warehouse 
requirements. Materialized view evolution  approach focuses on choosing materialized views in the design process 
of data warehouses or maintaining a materialized view in response to data changes or to data sources changes and 
sometimes to monitor the DW quality under schema evolution. Whenever the underlying base relation is modified 
the corresponding materialized view also evolves in reaction to those changes so that it can present quality data at 
the view level.  
 
The materialized view evolution issue has been investigated in several contexts: query optimization, warehouse 
design, data placement in a distributed setting, web databases, etc. Many diverse solutions to the materialized view 
evolution problem have been proposed and analyzed through surveys [Dhote et. al. 2009, Halevy 2001, Labrinidis et. 
al 2009]. However, none of the above mentioned surveys provides a classification of materialized view evolution 
approaches in order to identify their advantages and disadvantages. Our survey fills this gap. 
 
 The goal of the materialized view evolution is to simplify the design, implementation, maintenance and 
management of data warehousing approaches. Therefore, we classified the materialized view evolution into 
following dimensions -- Framework, Architecture and Model/Design Model. Based on the methods involved in 
evolution of materialized views in a data warehousing dimensions, they can be categorized further.  So, the 
taxonomy used for further classification is – View Evolution, Basic View Maintenance, Incremental VM, Self 
Maintainable Maintenance, Not self Maintainable Maintenance, View selection, View Synchronization, View 
Adaptation. We present a comparative study of the various research works explored in context of architecture based 
dimensions and methods. The rest of the paper is organized as follows: Section 2 presents a comparative study of the 
various research works explored. Section 3 presents the reviews and result. Finally section 4 contains the conclusion 
and discusses open issues. 
2.  Comparative Study 
     We have analyzed architecture based materialized view evolution methods on several parameters and presented 
their comparative results in the table below: 
 
TABLE1: COMPARISON OF ARCHITECTURE BASED MVE METHODS 
 
S. 
No 
       
Authors 
Tech
nique
s 
/Cate
gory 
Adap
ted 
Issues 
Addresse
d/ 
Changes 
Handled 
Architec
ture 
support/ 
perspect
ive 
Metho
d’s  
Activiti
es/ 
Goals 
Address
ed 
attribute
s 
Appli
cable 
frame
work 
stage 
Advanta
ges 
Disadva
ntages 
Types 
of 
Queri
es/ 
Opera
tion 
Tool 
Supp
ort/ 
Impl
emen
tatio
n 
1. Sumi Helal, et 
al. 
IVM manual and 
automatic 
hoarding  
3-Tier 
Architectur
e 
flexible 
synchroni
zation 
accessibility
, 
availability, 
and 
consistency 
VM Ubiquitous 
data access 
 
fierce 
competitio
n 
addressing 
RM Coda-
based 
2. Janet L. 
Wiener, et.al.  
VM autonomous 
sources + 
WHIP 
prototype 
Distribute
d 
scalability 
Modularity,
VM Modular 
and scalable 
Issues of 
crash 
RM C++ 
and C 
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 constantly 
update 
CORBA 
objects 
 
 
scalability,c
onsistency,  
 
VM recovery 
3. Ching-Ming 
Chao, et.al. 
VM Change 
detection 
and 
warehouse 
maintence 
OO Data 
Model/ 
Architectur
e 
Increment
al and 
deferred 
maintenan
ce 
Response 
time and 
storage 
space 
efficiency 
VM Storage and 
maintenanc
e of 
warehouse 
Problem of 
querying 
web 
Warehouse 
OOM Java/A
SDK 
4. Hartmut 
Liefke,  
et. al. 
 
VM hierarchical 
semistructur
ed data and 
relational 
data  
WHAX 
Framework 
Optimizat
ion and 
restructuri
ng 
operations 
Data 
efficiency 
VM Multi-
linearity, 
generalizes 
several 
techniques 
--- Hierarch
ical & 
RM  
VDL 
5. Aristides 
Triantafillakis, 
et.al. 
IVM Refreshmen
t in 
federation 
of DW 
Multi-agent 
architecture 
Triggers  
Hyper-
view 
approach 
Referential 
integrity, 
Information 
Quality, 
Adopting 
system 
VM Complete 
refreshment 
process 
Seek Data 
cleansing, 
merging 
and 
customizat
ion 
RM SQL 
Server 
2000 
6. Miranda 
Chan, et.al. 
IVM Aggregation
and 
summary 
information 
Web based 
architecture 
MIN/MA
X process  
Availability
, Better 
performanc
e 
VM No 
recomputati
on  
Refresh-
Join 
operation 
can be 
handled 
RM Experi
mental 
Analysi
s 
7. I. Stanoi, et.al. VM Cache 
consistency  
Architectur
e for 
mobile 
views 
Multiversi
oning 
Consistency VM Multiversio
ning 
approach 
No DW 
mobiltity/ 
source 
mobility 
Hierarch
ial 
Model 
--- 
8. Gary Yeung lVM Continuous 
updation of 
DW views 
as 
transaction 
IIVM 
Architectur
e 
Multi-
agent 
approach, 
Fuzzy 
agent 
schedulin
g system 
Availability
, Data 
consistency,
scalabilitym
aintainabilit
y 
VM Availability 
of data 
connection 
pooling 
issues, 
System 
message 
transmissi
on 
disorders. 
RM and 
OO 
Model 
Java, 
SQL 
 
Experi
mental 
Analysi
s 
9. Cecile Favre, 
et.al. 
VE optimization 
strategies 
Workload 
Updating 
Architectur
e 
Algorithm
ic 
Coherent D/VM Pro-active 
method 
Tool is 
needed 
RM C/S 
Archite
cture, 
ORAC
LE, 
PHP 
10. J. A. Nasir, 
et.al. 
D/VM Support 
dynamics 
Virtualizati
on based 
architecture 
synthetic 
warehous
e 
scalability D/VM scalable 
architecture 
Implement
ation not 
done 
RM Exampl
e based 
study 
11. Joseph M. 
Firestone 
VE DSS/DW 
Architectura
l evolution 
Evolution 
Architectur
e 
Defined 
architectu
re  
Data 
quality, 
Information 
quality 
D/VM analyzed  
architecture
s & tools  
Only 
Theoretica
l  
RM --- 
12. Abdessamad 
Mouzoune 
VM E-
maintenance 
CogAff 
architecture 
Intelligent 
Agents 
Better 
Performanc
e 
VM E-
maintenanc
e conceptual 
framework 
Tool 
developme
nt 
RM Case 
study 
13. M. Levent 
Koc, et.al. 
IVM Incrementall
y maintain 
classificatio
n 
Novel 
hybrid 
architecture 
Determini
stic 
Algorithm
s 
Scalability IVM non-
incremental 
approaches 
employ 
other 
techniques 
RM Postgre
SQL8.4 
14. Tho Manh 
Nguyen, et.al. 
D Automate & 
control 
feedback 
loops in 
minimal 
latency 
Zero 
latency 
DWA 
Grid 
based 
sense & 
response 
services 
scalability,a
vailability 
D/VM Tackles 
resource 
limitation  
BIA 
processing 
Scalability 
& 
transaction 
recovery 
issues  
RM Experi
mental 
Approa
ch 
15. Diva de S. e 
Silva, et.al. 
D Use of 
heterogeneo
us DBMS 
HEROS CCE  
process 
High 
quality 
D/VM heterogeneo
us 
architecture 
DBMS 
Implement
ation can 
be done 
RM Case 
study 
16. Iain Bate, et.al D Distributed 
type design 
Architectur
e for DIS 
Architect
ural based  
Reduce 
complexity 
D/VM Developme
nt of 
distributed 
types of 
system 
Need to 
study the 
technical 
aspects 
also 
OO 
Model 
DAME 
Case 
study 
17. Vayu D/VM Easy 
maintenance 
EDW 
Architectur
Heterogen
eous 
Efficiency D/VM real time 
application 
Require 
Implement
OO 
Model 
Case 
study 
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& extension 
of system 
e technolog
ies 
into ODS ation 
18. Catalin, et. al.  D Storing & 
processing 
of large data 
sets 
Distributed 
parallel 
architecture 
Distribute
d & 
Parallel 
technolog
ies  
Efficiency D Proposed an 
architecture 
Require 
Implement
ation 
OO 
Model 
--- 
19. José Samos, 
et.al. 
D Evolutionar
y aspects 
Integrated 
DB 
Architectur
e 
Extended
architectu
re 
--- D Database 
architecture 
Require 
Implement
ation 
RM --- 
20. Hugh J. 
Watson,  et.al. 
D Understand 
factors of 
DWA 
selection 
DW 
Architectur
e  
Survey 
based 
Efficient D Studied 
topics of 
Data 
warehousin
g field 
More 
study 
required 
--- --- 
21 Erik Veerman D/VM Creation of 
SMP based 
DW 
Fast track 
DW 
Architectur
e 
Reference 
configurat
ion, BI 
Efficient 
design  
D pre-
configured 
architecture  
Require 
further 
study 
OO 
Model 
Exampl
e-based 
study 
22. Rajdeep 
Chowdhury, 
et.al. 
D Implement 
hybrid 
based 
architecture 
Hybrid 
DWA 
Data 
Model 
--- D Proposed 
hybrid 
architecture 
Require 
implement
ation 
--- Case 
study 
23. Joseph M. 
Firestone 
D Collaboratio
n of 
AKBMS 
EAKMS 
architecture 
AKM 
approach 
--- D Evolve DW 
into AKMS 
components 
More work 
to be done 
--- --- 
24. Hamid R. 
Nemati, et.al. 
D Integrationo
f KM, DSS, 
AI & DW 
Knowledge 
warehouse 
architecture 
Integratio
n 
technique 
Improve 
DM 
D Extension 
of DW 
model 
 
 
Further 
work 
required 
--- --- 
IVM: Incremental View Maintenance, VM: View Maintenance, VE: View Evolution, D:Design, RM: Relational Model, OOM: Object Oriented 
Model. 
 
3. Review and Results 
Following sub-sections provide a review of materialized view evolution in a data warehousing architecture based 
dimension using following aspects:  techniques, tool supported, attribute addressed, type of queries, applicable 
framework, issues addressed, method supported, process support along with advantages and disadvantages. 
 
3.1. Technique 
In this aspect, we try to simplify the design, implementation, maintenance and management of data warehousing 
approaches. Summarizing materialized view evolution i.e. which methods involved in evolution of materialized 
views in a data warehousing architecture dimension, is most focused viz. View Evolution, Basic View Maintenance, 
Incremental VM, Self Maintainable Maintenance, Not self Maintainable Maintenance, View selection, View 
Synchronization, View Adaptation. The study found 2 authors discussing view evolution[9,11], 6 authors discussing 
basic VM [2,3], 5 authors discussing IVM [1], 12 authors discussing design [23],  but none on view synchronization, 
self Maintainable Maintenance, Not self Maintainable Maintenance, View selection, and View Adaptation, giving a 
total of 24 papers  under the stated methods in a data warehousing architecture dimension (Fig. 1).  
 
3.2 Tool supported 
       In order to be effective and useful, methods involved in evolution of materialized views in a data 
warehousing architecture dimension must be implemented or analyzed effectively. Theoretical analysis or 
experimental analysis of methods involved in evolution of materialized views can also be done. The former means 
that the methods measure what it purports to measure. Experimental analysis involves carrying out controlled 
experiments or case studies etc. to gather empirical data about the methods and then using statistical techniques to 
gain confidence in the gathered data. Authors in [2] provided the implementation of materialized view evolution 
methods using front-end or back-end languages.  Theoretical analysis has been carried out for the materialized view 
evolution methods in [10] by the respective authors. While, experimental analysis has been carried out in [6] by the 
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respective authors.  Although the methods in [7] have not been analyzed nor implemented at all by the authors. As 
can be inferred, theoretical analysis have been used more than any other analysis technique for methods in a data 
warehousing architecture dimension (Fig.2). 
 
 
 
Fig.1. Classification of Technique Supported                                                             Fig.2. Tool Supported Classification 
  3.3. Attributes Addressed 
   The materialized view evolution methods considered in this study focus on various external quality attributes like 
accessibility[1], scalability[2],consistency[7], effectiveness[3], etc . But most of papers lacked implementation 
results for validating their claims. There are also some materialized view evolution methods which have not been 
associated with any external quality attribute. 
 3.4. Types of queries   
    Based on the types of queries, the relational model [1] have been most frequently used by the authors for 
addressing materialized view evolution methods, while others used Object oriented [3] or hierarchical model.There 
are some materialized view evolution methods which have not been associated with any particular model by the 
authors. (Fig.3) 
 
Fig.3. Classification of types of queries 
 3.5. Applicable framework 
     The materialized view evolution methods considered in this study also focus on applicable framework stage. The 
study found 11 authors discussing view maintenance as applicable framework stage, while 12 authors discussing 
design as applicable framework stage. This concludes that VM is the most applicable framework stage apart from 
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others. 
3.6. Issues addressed  
 
     In general, there are two type of algorithms for imposing constraints i.e. - view maintenance algorithms and view 
update algorithms. Some authors have addressed issues using immediate and deferred data synchronization 
algorithms [1, 10, 14], but many authors have mentioned other techniques [3] for imposing constraints in order to 
handle the required changes in the distributed database environment.  
 
3.7. Method Supported 
 
     Immediate and deferred data synchronization algorithms can be further classified on the basis of method’s 
activities as optimization [1], Data integration [2] or others [3].  
3.8. Architecture suppored 
     Different authors have proposed different types of architecture for materialized view evolution.  Based on the  
various perspectives on the role of architecture, they are differently named as  WHIP[2], WHAX, IIVM and so on. 
These architectures are all useful in different situations, however they quantify for different perspective or 
architecture support.  
  3.9. Advantages & Disadvantages 
      Mostly all the authors are handling maintenance anomalies caused by sources data updates, preserving changes 
and have addressed the designing of algorithm for the materialized view evolution problem in order to reduce 
recomputation. They have provided a practical implication based architecture for materialized view evolution [14].  
But some of the authors have not designed the algorithm nor have provided the validation / implementation studies 
[15] in regard to materialized view evolution.  
 
4. Conclusion & Future Scope 
This study provides a critical survey of different approaches in which the materialized view evolution has been 
studied in relational databases and data warehouses as well as in a distributed setting. We have defined formally the 
materialized view evolution problem and identified the main materialized view evolution dimensions along with 
materialized view evolution methods have been classified. Based on the classification, we have discussed 
architecture based materialized view evolution methods.  
Analysis of state of the art of materialized view evolution has shown that there is very few work on materialized 
view evolution in distributed databases and data warehouses[Bauer et. al 2003, Chaves et. al 2009, Yang et. al 2005] 
and no effective solution for peer to peer systems. Indeed, [Gribble et. al 2001] seems to be the only paper which 
deals with the view evolution problem in peer to peer environment. In fact, it is provided a full definition of the 
problem but without providing any algorithm or detail on how to select an effective set of views to materialize and 
place them at appropriate peers. Thus, one of challenging directions of future work aims at addressing the 
materialized view evolution problem more efficiently in a distributed setting and semantic web databases. 
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